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[57) ABSTRACT

A precision bending press for relatively short pieces of
sheet metal includes a pair of tool-holder beams one of
which is movable towards the other in order to follow
a working path in the general common plane of the
beams. The movable beam is subdivided, at least virtu-
ally, into a number n of segments and is controlled by a
plurality of actuators of a number at least equal to n+ 1.
The actuators are connected to a reaction structure
stressed by the overall forming force created by the
actuators. The actuators are controlled by means of a
processing unit which receives signals indicative of the
relative punch—-die position generated by position
transducers supported by an auxiliary structure which is
not affected substantially by the deformations of the
reaction structure caused by the bending force. The
reaction structure comprises a single pair of lateral up-
rights connected to one another by a connecting beam
and by the fixed tool-holder beam. Each actuator exerts
the forming force between the connecting beam and the
movable beam.

11 Claims, 7 Drawing Sheets
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PRECISION BENDING PRESS FOR RELATIVELY
SHORT PIECES OF SHEET METAL

DESCRIPTION

The present invention relates to a bending press for
sheet metal, and in particular, a bending press for bend-
- ing relatively short pleces

A press of this type is known from Italian application
68166-A/88, which corresponds to U.S. Pat. No.
5,012,661, filed by the same Applicant. From this docu-
ment a large-scale press provided with a movable beam
subdivided into a plurality of segments is known. The
subdivision of the movable beam into segments enables
the bending deformations of the beam, caused by the
bending load, to be limited or, for the same maximum
permissible deformation, enables the dimensions of the
beam to be limited.

The working path of the movable beam is controlled
by a plurality of actuators, two of which are disposed at
the ends of the beam and the remaining one or ones are
disposed 1n the area of transition between two adjacent
segments. A position transducer which measures accu-
rately the momentary distance between the punch and
the die, corresponding to the respective actuator, Is
associated with each actuator. All the actuators are
controlled by a processing unit which receives the sig-
nals output by the position transducers and controls the
actuators in such a manner that they impart identical
displacements and displacement speeds to the beam.

In this known press, each actuator is supported by a
robust C-shaped upright; these uprights together consti-

- tute a reaction structure which absorbs the overall

bending force generated by the actuators. Each upright
is independent of the others, and is freely deformable
‘under the bending force generated by the respective
actuator, without this deformation affecting the other
uprights. The position transducers are supported by an
auxiliary structure which is independent of the reaction
structure 1n order to ensure that the measurements made
by the position transducers are independent of the de-
formations of the reaction structure caused by the
working load of the actuators.

The fact that the reaction structure is constituted by
a plurality of uprights associated with respective actua-
tors represents an optimum solution from the point of
view of distribution of the forces, and consequently of
the deformations induced by the bending load. How-
ever, this known solution has the disadvantage of being
rather costly and, in addition, the intermediate uprights
impede access to the rear part of the press.
- The aim of the present invention is to provide an
improvement of a known press of the above-described
type, suitable in particular for bending relatively short
pieces, and which allows the aforementioned disadvan-
tages t0 be overcome.

According to the invention there is provided a bend-

ing press, in which the reaction structure includes a
single pair of lateral uprights connected to one another
by a connecting beam and by the fixed tool-holder
beam, and in which each actuator exerts the bending
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force between this connecting beam and the movable

beam.

In the solution according to the invention, the con-
necting beam is deformed under the effect of the work-
ing loads of the individual actuators and each of these 1s
affected by the deformation of the connecting beam.
However, the measuring system of the displacements
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and control of the actuators are accurate and fast
enough to compensate instantaneously for the error
which would be induced by deformation of the con-
necting beam.

In the press according to the present invention, the
rear part of the machine is substantially clear and this
enables an automatic tool change device to be disposed
on the rear part of the press.

Further characteristics and advantages of the present
invention will become apparent from the following
detailed description, given with reference to the ap-
pended drawings which are provided purely by way of
non-lumtmg example, 1n which:

FIG. 1 is a schematic perspective view of a press
according to the present invention;

FIG. 2isa partlal view on the arrow II of FIG. 1;

FIG. 3 is a plan view of the machine shown in FIG
| &

FIG. 4 is a cross-section along the line IV—IV of
FIG. 3;

FIG. § 1s a lateral cross-section on an enlarged scale
of the part indicated by arrow V in FIG. 4;

FIG. S5A 1s a schematic lateral view of an actuator
used in the press accardmg to the invention;

FIG. 6 is a plan view on an enlarged scale of the part
indicated by arrow V1 in FIG. 3; and

F1G. 7 1s a cross-section similar to F1G. § showing a
variant of the present invention.

With reference to FIGS. 1 to 4, a bending press in-
cludes a reaction structure 2 formed essentially by a pair
of lateral uprights 4 consisting of robust steel beams
connected to one another at the top by a connecting
beam 6. Two tool-holder beams 8, 10 are disposed be-
tween two lateral uprights 4 arranged in a general com-
mon plane which coincides with the plane of the con-
necting beam 6. The lower beam 10 is fixed and 1s inte-
gral with the lateral uprights 4, whereas the upper beam
8 is movable vertically in the common plane. A bending
punch 12 and a die 14 are attached in conventional
manner to the tool-holder beams 8, 10.

The upper tool-holder beam 8 is subdivided into a
plurality of segments 16, each of which has a general
overturned T configuration. In the example of embodi-

-ment shown in the drawings, the segments 16 consist of

separate modules; alternatively, the segments 16 could
be separated only virtually from one another and in this
case the area of separation between two adjacent seg-
ments 16 (indicated as 18 in FIG. 2), must have a modu-
lus of bending resistance in the general common plane
of the tool-holder beams 8, 10 which is substantially
lower than that of the remaining part of the beam 8.

The lower tool-holder beam 10 is made i1n a single
piece and has dimensions which are sufficiently robust
to be able to support the bending load without excessive
deformations. The lower tool-holder beam can be con-
nected to the lateral uprights 4 by means of an isostatic
restraint system, in order to avoid transmitting the de-
formations of the lower beam 10 to the uprights 4.

Movement of the upper beam 8 is controlled by
means of a plurality of actuators 20, two of which are
disposed at the ends of the beam 8, and the remainder of
which are disposed between two adjacent segments 16.
The number of actuators 20 is thus higher by one unit
than the number of segments 16 which constitute the
beam 8.

The actuators 20 are preferably of the type described
in Italian application 68065-A/90, which corresponds to
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PCT Application W0-92/12362, filed by the same ap-
plicant. As can be seen in greater detail in FIGS. § and
SA, each actuator 20 is provided with a first electric
motor 22 which controls the approach and withdrawal

travel of the beam 8 without a load, and with a second 5
electric motor 24 which controls the bending stroke of
the beam. Each actuator 20 applies the working load

between the connecting beam 6 and the tool-holder
beam 8 . The movable beam 8 1s guided in a vertical
direction A (see FIG. §) contained in the general com-
mon plane of the tool-holder beams 8, 10. The actuators
20 are also guided in the same direction A of movement
of the upper beam 8. |

FIGS. § and 6 show by way of example a particularly
advantageous solution for obtaining the guiding of the
beam 8 and of each actuator 20. The structure which
acts as a guide for the actuators 20 and the beam 8 is
constituted by a fixed guide beam 26 connected at its
ends to the lateral uprights 4 and extending parallel to
the common plane of the tool-holder beams 8, 10. For
each actuator 20, a pair of guides 28, along which the
body 30 of each actuator 20 is slidable by means of a
first set of wheels 32, is attached to the beam 26. The
body 30 of each actuator 20 carries a second set of
wheels 34 which act against end portions 36 of two 25
adjacent segments 16 of the movable beam 8. A third set
of wheels 38 is carried by the guide elements 28, and
acts against the end portions 36. In this manner the
elements 28 act as a guide both for the actuators 20 and
for the segments 16 of the beam 8. Each actuator 20 is
connected to the connecting beam 6 and to the movable
beam 8 by means of a restraint system (not shown)
which allows full freedom of movement in all directions
except in the vertical direction A. In this manner the
guide system for the movable beam 8 is independent of 35
the system which applies the load to the beam.

The working load generated by the actuators 20 is
absorbed by the reaction structure consisting of the
lateral uprights 4 and of the connecting beam 6. The
beam 6 is preferably connected to the lateral uprights 4 40
by means of an isostatic-type restraint system consti-
tuted by, for example, a pair of ball joints (not shown),
one of which is free to move along the line joining the
centers of the two joints. A connection system of this
type ensures that the lateral uprights 4 are subjected
only to traction, in order to keep the deformation to a
minimum.

The lateral uprights 4 are disposed outside the work-
ing area, which enables the dimensions of the discharge
grooves 40 to be reduced (FIGS. 4 and §), in compari-
son with conventional presses, in such a manner that
bending deformations of the uprights 4 are reduced. In
fact, in conventional presses, the uprights are disposed
inside the working area and the depth 42 of the dis-
charge grooves 40 must be at least equal to the width of 55
the maximum bending thickness of the piece. In the
solution according to the present invention, the dis-
charge grooves 40 are only intended to allow the piece
to be removed from the punch along the bending line, 1f
the piece cannot otherwise be removed otherwise from 60
the punch 12 owing to a complex bending shape.

Low bending stress in the uprights 4 1s essential in
order to minimise the deformation of the guide beam 26.

A position transducer 44 (FIG. 2) which measures the
vertical path of the punch 12 and indicates accurately 65
the distance between the punch 12 and the die 14 is
associated with each actuator 20. The position trans-
ducer 44 is constituted, for example, by an opto-elec-
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tronic reader 46 attached to the movable beam 8 and
facing a vertically movable optical line 48 carried by the
guide beam 26. The position transducers 44 generate
signals which indicate the distance between the punch

and the die in correspondence with the respective actu-
ators 20. These signals are transmitted to a processing
unit 49 (FIG. 1) which controls the electric motors 22,

24 of the actuators 20 in such a manner that the distance
between the punch and the die is the same in correspon-

‘dence with each transducer 44. Thus, the bending path

of an actuator 20 may be slightly different from that of
the other actuators, so as to compensate for any differ-
ences in deformation of the connecting beam 6. The
accuracy of the measuring system and the speed of
reaction of the control system are high enough to com-
pensate instantaneously for such deformations. This is
essential in order to ensure that the machine is accurate
and that the system of measuring the distance between
the punch and the die is not affected either by the defor-
mations of the lower beam or by the deformations of the
reaction structure which absorbs the working load gen-
erated by the actuators 20. In the example of embodi-
ment illustrated in FIGS. 1 to 6, the fixed part of each
position transducer 44 is supported by a C-shaped
bracket 50, of which one end 52 is attached to the lower
tool-holder beam 10 in correspondence with the upright
which passes through the position transducer 44. Ac-
cording to a characteristic of the present invention, the
C-brackets 50 are disposed on a vertical plane paralle] to
the general common plane of the tool-holder beams 8,
10. This layout prevents space from being taken up on
the rear part of the press. As can be seen in the plan
view in FIG. 3, the working area in the rear area of the
press is completely free, since the uprights 4 are dis-
posed outside the working area. The rear part of the
machine can thus be used to accommodate an automatic
device for changing the forming tools 12, 14.

In the embodiment shown in FIG. 7, the fixed part 48
of each position transducer 44 is attached to the guide
beam 26. Owing to the low bending stress on the up-
rights 4 with which the beam 26 is integral, it can be
considered that the beam 26 is not affected significantly
by deformations of the reaction structure, caused by the

- working load of the actuators 20.

What is claimed is:

1. A bending press for sheet metal, comprising:

a reaction structure comprising a single pair of lateral
uprights connected to one another by a connecting
beam;

at least one fixed tool-holder beam and at least one
movable tool holder beam, said tool-holder beams

“attached to said lateral uprights and disposed in a
general common plane, said movable tool holder
beam movable towards said fixed tool-holder beam
in order to follow a working path in said plane, one
of which tool-holder beams carries a die and the
other of which carries a forming punch, and in
which the movable tool-holder beam includes n
segments, n being greater than or equal to 2, which
under a working load can deform substantially
independently from each other;

a plurality of actuators of a number equal to at least
n+4 1 connected to, and for controlling the move-
ment of, the movable tool-holder beam, the actua-
tors being connected to the connecting beam of the
reaction structure and said structure being stressed
by the overall working load generated by the actu-
ators;
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an auxiliary structure which is not affected apprecia-
bly by deformations of the reaction structure
caused by the working load;

‘a plurality of position transducers associated with
respective actuators for generating signals which
indicate the distance between the punch and the die
and including means for sending said signals to a
control processor and each transducer including a
first part attached to the movable tool-holder beam
and a second part attached to the auxiliary struc-
ture; and

a control processor which receives signals from the
- position transducers and controls the actuators in
such a manner that they impart identical displace-
ments and displacement speeds to the beam;
wherein each actuator applies a working load be-

tween the connecting beam and the movable tool-
holder beam.
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2. A bending press according to claim 1, wherein the -

connecting beam is connected to the lateral uprights by
means of an isostatic restraint system.

- 3. A bending press according to claim 1, wherein the
connecting beam is disposed in the general common
- plane of the tool-holder beams.

4. A bending press according to claim 1, wherein the
lateral uprights are disposed laterally outside the area of
travel of the punch and the die.

5. A bending press according to claim 1, wherein 1t
includes a guide structure connected to the lateral up-
rights on which guide structure the movable beam1s
mounted for sliding and on which the actuators are also
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mounted for sliding in the same direction of sliding as
the movable beam. |

6. A bending press according to claim §, wherein the
guide structure comprises essentially a beam connected
to the lateral uprights and wherein the beam is provided
with a plurality of guide units each of which slidably
supports a respective actuator, the guide units acting as
guides for the actuators and for the movable beam.

7. A bending press according to claim §, wherein the
second parts of said position transducers are supported
by said guide structure.

8. A bending press according to claim 1, wherein the
auxiliary structure bearing the position transducers has
a plurality of generally C-shaped brackets associated
with respective position transducers and disposed 1n a
plane parallel to the general common plane of the tool-
holder beams.

9. A bending press according to claim 1, wherein the
movable beam is subdivided physically into separate
successive modules, each corresponding to a segment.

10. A bending press according to claim 1, wherein the
movable tool-holder beam is a continuous beam having
a plurality of separation sections having a modulus of
bending resistance in the general common plane of the
tool-holder beams substantially lower than that of the
remaining part of the beam.

11. A bending press according to claim 1, wherein the |
fixed tool-holder beam opposite the movable tool-
holder beam is connected to the lateral uprights by

means of an isostatic-type restraint system.
* * *x x %
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